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ABSTRACT 

The Rosseland mean due t o  Compton Bca t t e r ing  a t  temperatures 
I 

I I  
ranging  from kT = .01 m c  2 t o  kT =(1.35imc 2 and f o r  d e n s i t i e s  

' I  
ranging  from f S lo3 g d c c  t o  f = lo6 p / c c  is  c a l c u l a t e d .  

I n  m o s t  of t h i s  semidegenerate reg ion ,  Compton s c a t t e r i n g  dominates 

over e l e c t r o n  conduction, bound-free t r a n s i t i o n s ,  and free-free 

t r a n s i t i o n s .  The r e s u l t s  are compared w i t h  Sampson' s (1959) 

r e s u l t s  i n  t h e  nondegenerate case and h i s  e s t i m a t e s  i n  t he  s e m i -  

degenerate  case:' Upon comparison, his es t ima tes  are smaller by 
1 __--- 

approximately 10-20 % in most cases 
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INTRODUCTION 

Early c a l c u l a t i o n s  of t h e  opac i ty  due t o  Compton sca t te r ing  

have used t h e  Thompson formula for t h e  cross s e c t i o n ,  which is 

v a l i d  only f o r  a l o w  temperature and a nondegenerate gas.  For S t e l l a r  
s t r u c t u r e  s t u d i e s  
a t  h igh  temperatures (kT N mc2 or T 

d e n s i t i e $ c o r r e c t i o n s  t o  t h e  Thompson s c a t t e r i n g  cross s e c t i o n  

6 x lo9 OK) and high 
w h i c h  occur in advanced evolu t ionary  phases,  

and t o  t h e  f i n a l  s t a t e  of t h e  e l e c t r o n  become important.  

Sampson (1959) has  obtained expressions for  t h e  e l e c t r o n  s c a t t e r i n g  

opac i ty  i n  t h e  nondegenerate r e l a t i v i s t i c  reg ion ,  t ak ing  i n t o  

\ 

account t h e  c o r r e c t i o n  t o  t h e  Thompson cross s e c t i o n  a t  high 

temperatures. I n  t h i s  paper w e  s h a l l  c a l c u l a t e  t h e  e l e c t r o n  
_. 

s c a t t e r i n g  opac i ty  i n  t h e  semidegenerate region,, i n t h e  domain i n ,  I 
- - -  -._. 

which t h e  e l e c t r o n  opac i ty  is dominant. This  domain is shown i n  

F igu re  1. 
.. 

THEORY OF RADIATION 

For completeness, we  shall p r e s e n t  he re  a brief d e r i v a t i o n  

of t h e  theory  of r a d i a t i v e  t r a n s f e r  t ak ing  i n t o  account degeneracy. 

Our d e r i v a t i o n  is s i m i l a r  t o  t h a t  due to Sampson (1959) f o r  t h e  

nondegenerate case. 

I n  t h e  usua l  n o t a t i o n  the  equat ion  of r a d i a t i v e  t r a n s f e r  
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where is t h e  i n t e n s i t y  of r a d i a t i o n  of frequency fl 
t h e  

t r a v e l l i n g  i n  t h e  d i r e c t i o n  of /uni t  vec tor  & I and 8 ( 3 , T ) 

is t h e  equi l ibr ium r a d i a t i o n  i n t e n s i t y  given by 

I n  equat ion  (1) the subsc r ip t  2 refers t o  t h e  f i n a l  s ta tssof  t h e  

j e l e c t r o n  and t h e  photon. 

I n  t h e  d i f f u s i o n  approximation we  assume l o c a l  thermodynamic 
\ 

equi l ibr ium,  in ' the  p l ace  where I a lone  appears we w r i t e  

i Assuming the  s o l u t i o n  t o  equation ( 5 )  t o  be 

c 

where e = s c a t t e r i n g  angle of t h e  photon, 
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I n  equat ion  ( 8 )  w e  have already dropped those  terms which vanish 

W e  now upon i n t e g r a t i o n  o v e r n  t o  obta in  the r a d i a t i o n  f lux ,  

use t h e  following approximations 

- I  1 * c - & @ / h t )  

I - Q X q  (-IdJkr) 
and 

(9) 

. Since  t h e  main c o n t r i b u t i o n  t o  t h e  i n t e g r a l s  comes from photons 

with’  2 4k&and ( da> is not  very d i f f e r e n t  from L/ 0 t h e  

approximation (9) is very good. For Compton s c a t t e r i n g  PlJ) 

changes very slowly w i t h  t h e  frequency p . For ins tance ,  a t  

kT = .05 m c  and = + 1, )JD( 13 = 4.125 kT)//C1,( d d  ~3.208 RT) 

= .957. 

by [ I  - l)t COS@ )-‘I 

2 

Thus t h e  error introduced i n  r ep lac ing  4 1 - U, PC.’,) cose/(J P 
is of t h e  order  of a f e w  percent .  

. .  
With t h e  above approximations, equat ion ( 8 )  is reduced t o  

t r a n s p o r t  c r o s s  sec t ion .  
\ 

I n  t h e  c l a s s i c a l  l i m i t  L’, is  equal  t o  I/ and t h e  d i f f e r e n t i a l  

cross s e c t i o n  is an even func t ion  of cos@ Hence, upon in tegra-  

t i o n  over 3, t h e  con t r ibu t ion  from L),CsSe/d w i l l  be zero 

and t h e  , t r anspor t  

s e c t i o n .  

The e l e c t r o n  
‘~ 

cross s e c t i o n  is equal  t o  t h e  s c a t t e r i n g  cross 

d i s t r i b u t i o n  func t ion  is given by 
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I n  t h e  degenerate  region t h e  c o n t r i b u t i o n  t o  t h e  d e n s i t y  

f u n c t i o n  by t h e  c r e a t i o n  of p o s i t r o n s  i s  small .  

due t o  p o s i t r o n  c r e a t i o n  w i l l  be shown t o  be small. 

The correction 

CALCULATIONS 

To f a c i l i t a t e  ,computation we in t roduce  t h e  fol lowing nondimen- 

I 

s i o n a l  Variables  
- 1  t - - E / h P  - I  
- t  b T / h C %  

(/I E -RD/hT 

btL - r- i d 2  / h T  

\- 

. (13) 

_ I n  t e r m s  of t h e s e  v a r i a b l e s  equat ions  (12) and (11) can be expressed 

where is  t h e  Compton wavelength = R / h c  . I n  ob ta in ing  

equat ion  (15) we  have e l imina ted  E2 by means of t h e  energy con- 

s e r v a t i o n  equat ion E + A b  = E* + AdL . 
, The d i r e c t i o n  of t h e  inc iden t  e l e c t r o n  is chosen a s  t h e  

p o s i t i v e  z-axis. 

t o  l i e  i n  t h e  x-z plane  and it makes an angle  

The d i r e c t i o n  of t h e  f i n a l  photon has  t h e  angular  coord ina tes  ( d ’ , ( p )  

The d i r e c t i o n  of t h e  i n c i d e n t  photon is chosen 

a( wi th  t h e  z-axis.  

a s  shown i n  F igure  2 .  I n  t h e  coord ina te  system so chosen, we  have 
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By t h e  cons\'ervation laws UL is  r e l a t e d  t o  fi and t h e  
I 

o t h e r  v a r i a b l e s  through 

W e  use a form of t h e  d i f f e r e n t i a l  cross s e c t i o n  given by 

Jauch and Rohlich (1955) 

where ro = c l a s s i c a l  r a d i u s  of t h e  e l e c t r o n  and 
L L 4  - 1  - 1-6 t o S I  ' 

L', I - p c o s L '  I - p + A  
i CI - L, p p s a c  x -  L 

Y z 

.. r -  
' Thus, s u b s t i t u t i n g  equat ions (18) - (22) i n t o  equat ion 1 (171, 

W e  /have neglected /Ld, i n  t h e  scattering-dominated region.  I n  a l l ,  
- -  --_ - 
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: '  -" 

'. 

w e  have a 5-fold i n t e g r a t i o n  t o  do  f o r  each o f ' t h e  corresponding 

va lues  of kT and 32 The computation was done on an IBM 9094. 

Defining (7 (  TI t) as t h e  t r a n s p o r t  cross s e c t i o n  i n  

u n i t s  of t h e  Thompson cross s e c t i o n  , then  t h e  Rosseland 

mean is I 

where N is t h e  number of e l e c t r o n s  given by equat ion (14) .  The 

opac i ty  is  is  t h e  Rosseland 

mean i n  t h e  c l a s s i c a l  l i m i t .  Values of G ( k T ,  a r e  

k'= (?A)-'  , where (%./,-' I ! 

t abu la t ed  i n  Table 1 f o r  t h e  corresponding values  of kT and 32 . 
The va lues  corresponding t o  q= - w e r e  obtained from 

&I I )  

f r o m  Sampson (1959) f o r  t h e  nondegenerate case,  

r - -  - - - - -  If t h e  values  of GCcr, \) 
t h e  fol lowing polynomial of kT a-4 

r eg ion  under cons idera t ion  

a t  o the r  , kT and a r e  needed, 
- - - _ -  - . _  

_ -  - -  - - -- -- - - 

w i l l  fit f a i r l y  w e l l  fo r  t h e  
- ~ L-- - - ______ 

wi th  an e r r o r  of approximately 5 %, 

TO f ac i l i t a t e  app l i ca t ion  of t h e  t r a n s p o r t  cross s e c t i o n  due 

t o  Compton s c a t t e r i n g ,  we list t h e  number d e n s i t i e s  of t h e  e l e c t r o n  

a. given by equation (14) i n  Tabla 2. 
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DISCUSS I O N  

W e  have so f a r  neglected t h e  p o s i t r o n  c o n t r i b u t i o n  t o  compton 

s c a t t e r i n g .  It can be shown t h a t  a t  - -1 and kT = .35 m c  2 

which a r e  most favorable  t o  pair  c r e a t i o n  i n  t h e  region under 

cons ide ra t ion  t h e  r a t i o  of t h e  number d e n s i t y  of e l e c t r o n s  and 

p o s i t r o n s  t o  t h a t  of e l e c t r o n s  is 1.027. A t  a l l  o the r  values  of 

9 and kT i n  Table 2 t h e  r a t i o  is less than  1.005. While t h e  
t h e  

\ 

c o r r e c t i o n  to/number d e n s i t y  a r i s i n g  f r o m  t h e  presence of p o s i t r o n s  

a t  

t i o n  t o  e f f e c t i v e  c r o s s  s e c t i o n  

than  t h a t  s i n c e  t h e  l a t t e r  is less s e n s i t i v e  t o  t h e  presence 

- --__ - _. 
% = -  1 ana kT = -35 m c 2 I  i s  + 2.7 % bye corresponding correc- 

- - - --- - - ~  . _ _ .  

c~ CkT,  q) should be much less 

of p o s i t r o n s  than  is t h e  number d e n s i t y  N. 

The o t h e r  c o r r e c t i o n  due  t o  p o s i t r o n s  is f r o m  t h e  

absorp t ion  r e s u l t i n g  i n  p a i r  c r e a t i o n ,  this w i l l  no t  be s i g n i f i c a n t  

2 u n t i l  kT + 5 m c  . 
-P 

If our computation is repeated f o r  = -3, t h e  r e s u l t s  
.to 

agree w i t h  Sampson's (1959)/Within 2 %. 

Sampson (1961) suggested t h a t  one e s t ima te  t h e  e f f e c t i v e  

degenerate  cross s e c t i o n  by mul t ip ly ing  h i s  nondegenerate r e s u l t s  

t han  ou r s  i n  m o s t  cases. 
\ 
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Figure 1. - Temeprature-density diagram. The shaded area _ _  
~ ~ o o ~ L _ - c ~ o  +rilct/i)ui u ~ l l p ~  e o n r k r r r ~ & m ~  &MI ‘4 mc1netii ear 

plasma frequency. 

Figure 2. - coordinate system used in the calculation. 1 - 1  
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i 
VALUES OF G( k T l q  ) FOR VARIOUS TEMPERATURES  AND^ 

I 
DEGENERACY PARAMETERS I 

TABLE 1. 

kT/ ( mc2) 

001 

03 

-05 

15 

-25 

-35 

-"id3 " 

-5967 

0 3498 

-2542 

-1 

-8294 

.6732 

-5699 

3416 

-2529 

-2028 

0 

7368 

6060 

5 189 

3 194 

-2389 

-1923 

1 

-6112 

,5094 

-4410 

-2816 \ 

-2135 

1730 

2 

-4864 

-4076 

-3553 

-2322 

1776 

0 1443 

4 

.3094 

-2554 

-2217 

1423 

1066 

0843 

I 

i 



TABLE 2 .  

kT/ ( mc2) 

001 

.03 

. 05 

. 1.5 

.25 

0 35 

... 

\ 
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- e .  , 
3 

VALUES OF Ne AT VARIOUS VALUES OF k T  and . 

0 . 05650 
0 . 1264 
0 . 7847 

i, 

1.983 

3 0804 

r) 

0 . 02448 
0 . 1326 
0.2972 

.1.865 

4.754 

9.180 

rt 
a i  

0.05061 

0.2755 

0.6195 

3.963 

10.25 

', \ 

0.09077 

0.4974 

1.129 

7.442 
I 

19.69 

39.14 

1.183 

2.727 

19.25 

53.45 

110.2 

I 

U' 


